Atopic dermatitis (AD) syndrome is one of the most common and severe skin diseases in Korea; a large population has this disease. We examined the effects of the extract from the leaf and sprig of Camellia sinensis on the development of AD by using NC mice as a model of atopic dermatitis. Oral administration of the extract to NC/Nga mice treated with 2,4-dinitrochlorobenzene (DNCB) inhibited the development of AD-like skin lesions as shown by a significant decrease in the skin symptoms of the disease and a decrease in ear thickness and levels of immunoglobulin E (IgE) and thymus-and activation-regulated chemokine (TARC) level in the skin. Administration of the extract markedly suppressed the DNCB-induced mRNA expression of interleukin 4 (IL-4) and tumor necrosis factor α (TNF-α ). The findings suggest that transdermal application of the extract may modulate in the skin of NC/Nga mice. The extract was effective for the prevention and treatment of AD.
INTRODUCTION
The incidence of AD has recently increased in industrialized countries, and although the onset of AD is usually during early infancy and childhood, it can also occur in adulthood (Cooper, 1994; Rudikoff and Lebwohl, 1998) . Although topical steroids, emollients, and oral anti-histamines are used as the first-line therapy for AD, many patients are still concerned about the long-term use of these agents (Furue et al. 2003) . Currently, treatment and prevention of AD through dietary intervention is receiving considerable attention. Recent studies indicate that intake of diet containing lactic acid bacteria and natural polyphenols such as astragalin and genistein suppresses AD-like skin lesions (Wakabayashi et al. 2008; Kotani et al. 2000) . The prevalence of AD has increased progressively by 2 to 3 fold during the past three decades in industrialized countries with a lifetime prevalence of 10-20% in children and 1-3% in adults (Leung and Bieber, 2003; Schultz and Hanifin, 2002) . Topical glucocorticoids are used for the treatment of AD as important and effective remedies. However, these agents can be used only for a short period of time and in limited skin regions, because long-term use of glucocorticoids caus-es a variety of potential side effects (Barnetson and White, 1992) . Therefore, the use of complementary or alternative medicine (CAM), a main alternative resource being phytotherapy (use of natural extracts as therapeutic agents), has become increasingly popular for the treatment of AD, and CAM has been used to overcome the shortcomings of conventional therapy (Boneberger et al. 2010) . Thus, because of an increase in the use of CAM in AD patients, further studies are required to establish their efficacy, safety, and therapeutic use (Boneberger et al. 2010) .
C. sinensis, a tree from which a beverage commonly used in Asian countries is obtained, contains compounds having strong antioxidant capacities. It is a significant source of polyphenols, including (-)-epigallocatechin gallate (EGCG), (-)-epigallocatechin, (-)-epicatechin gallate, and (-)-epicatechin. These polyphenols have recently attracted attention as bioactive agents with anticancer, antidiabetic, antiviral, antimalarial, hepatoprotective, neuroprotective, and cardioprotective effects (Adhami et al. 2007; Noonan et al. 2007 ). However, little is known about the beneficial effects of C. sinensis extract on AD (Lee et al. 2006; Rowe et al. 2007 ).
Polyphenols obtained from C. sinensis, referred to type of catechins, are present in the leaves of the tea plant. Several in vitro (Trompezinski et al. 2003; Huang et al. 2005) and in vivo (Afaq et al. 2003; Hsu et al. 2007 ) studies have shown that a group of polyphenolic catechins, their major constituent being EGCG, exhibits multiple biological effects on the skin. Trompezinski et al. (Trompezinski et al. 2003) have shown that EGCG inhibits, in a dose-dependent manner, the upregulation of both vascular endothelial growth factor and IL-8 in TNF-α stim ulated keratinocytes. Afaq et al. (Afaq et al. 2003) have shown that topical application of green tea polyphenol to SKH-1 hairless mice before ultraviolet-B exposure significantly decreased skin edema and infiltration of leukocytes via modulations in the mitogen-activated protein kinase and nuclear factor kappa B signaling pathways. These findings have suggested that EGCG may be a novel therapeutic agent for various inflammatory skin diseases such as AD. Kim et al. (Kim et al. 2012) showed that bath therapy with green tea extract is an effective, safe, and non-steroidal therapy for the treatment of patients with AD associated with Malassezia sympodialis.
To date, several animal models have been developed for studies on AD (Yang et al. 2013; Turner et al. 2013; Yoon et al. 2011 ). The AD model of NC/Nga mice is clinically and histologically very similar to human AD, when mice are raised under conventional conditions (Matsuoka et al. 2003) .
NC/Nga mice originated from the Japanese fancy mice at Nagoya University (Japan) in 1957, and they were established as an inbred strain for creating an animal model of human AD. NC/Nga mice raised in air-uncontrolled conventional circumstances spontaneously develop AD-like skin lesions with a markedly elevated serum level of IgE, whereas NC/Nga mice maintained in specific pathogen-free (SPF) conditions do not show clinical signs of AD or IgE hyperproduction (Matsuda et al. 1997) . However, a variety of antigens can be involved in the development of AD-like skin lesions in NC/Nga mice under conventional conditions, which makes it difficult to analyze the pathogenesis of AD-like skin lesions (Shiohara et al. 2004) .
The objective of this study was to evaluate the ef- 
MATERIALS and METHODS

Preparation of C. sinensis Extracts
Experimental Animals and Diets Preparation
Specific pathogen-free female 5-week-old NC/Nga mice (25 ± 2 g) were purchased from SLC, Inc.
(Shizuoka, Japan). Animals were maintained for 1 week before the start of the experiments. They were housed in an air-conditioned animal room with a temperature of 23 ± 2℃ and a humidity of 50 ± 10%. Mice were provided with solid feed (CRF-1, Oriental Yeast, Tokyo, Japan).
Chemicals and Treatment in NC/Nga Mice Test
2,4-dinitrochlorobenzene (DNCB) was purchased A lotion without the extract was applied to the dorsal skin and ears of the control and DNCB-treated mice. Animals were killed 64 days after the first application of DNCB. Blood was collected from the vena cava and the right ear was removed and used for histopathological examination. 
Body Weights and Ear Thickness of NC/Nga Mice
The body weights of the NC/Nga mice were 
RT-PCR Analysis
Total RNA from the spleen was isolated with 
Histological Examination
Tissues from the right ear were removed and fixed in 10% paraformaldehyde solution for 24 hours. The tissues were embedded into the paraffin and blocks of 5 μ m thickness were prepared. The sections were stained with haematoxylin and eosin (H&E) to differentiate inflammation and edema in epidermis, dermis, keratinocytes, neutrophils and eosinophils.
Statistical Analysis
All experiments were repeated at least three times.
Results are reported as means ± standard error of the mean (SEM). Statistical significance was determined by a one-way analysis of variance (ANOVA), followed by the Tukey-Kramer multiple comparisons test. A significant value was defined as p < 0.05.
RESULT and DISCUSSION
Change Body Weight of NC/Nga Mice
The extract was applied to the dorsal skin and ears of the mice six times per week for four weeks.
A lotion without the extract was applied to the dorsal skin and ears of control and DNCB-treated mice.
The body weight of DNCB-treated mice was measured using a weighing balance. Each value represents the mean ± SD of five mice (Fig. 2) . 
Ear Thickness of NC/Nga Mice
Changes in the ear thickness of mice are shown in 
IL-4 and TNF-α Induce Stabilization of Eotaxin mRNA
The mRNA expression levels of IL-4, TNF-α , and GAPDH examined using real-time polymerase chain reaction (RT-PCR) are shown in Fig. 5 . An imbalance between Th1 and Th2 responses is thought to under immune system diseases such as AD, which are characterized by Th2-dominated allergic inflammation (Spergel et al. 1999; Vestergaard et al. 1999) . The expression of TNF-α is upregulated in mast cells in the skin of AD lesions (Ackermann and Harvima, 1998) and induces expression of adhesion molecules in the endothelium in lesional AD skin (Vries et al. 1998) .
Therefore, we examined changes in the mRNA expression of Th1 and Th2 type cytokines in the spleen. Compared to DNCB-treated NC/Nga mice, 
Histological Evaluation of The Lesional Skin
We performed histopathological observations of the ear lesions in DNCB-treated NC/Nga mice (Fig. 6 ).
Epidermal (Fig. 6D.) , the result was certainly remission as compared between DNCB-induced NC/Nga mice and 100 mg/mℓ extract treated NC/Nga mice ear (Fig. 6B, C) . In addition, no significant difference was observed in body weights of the two groups of NC/Nga mice during the experimental period (Fig. 2) . These results suggest that treatment of the NC/Nga mice with the extract decreased the development of symptoms of dermatitis without changes in body weight.
CONCLUSION
In this study, we showed that application of C. si- sinensis extract on patients with AD; we believe that these agents may constitute alternative or complementary therapy for AD.
